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(54) Alternator for vehicle 

(57) An alternator for a vehicle has a pair of Lundell 
type magnetic poles (9) each provided with a plurality of 
claw-shaped pole pieces (9b) and permanent magnets 
(11) each disposed between a space formed by 
opposed side surfaces of the circurnferentialiy adjacent 
claw-shaped pole pieces (9b) and magnetized so that 
the respective polarities of its circurnferentialiy opposite 
ends are the same as those of the claw-shaped pole 
pieces. Each permanent magnet is disposed so that the 
ratio of the length of the permanent magnet (11) to the 
length of the space formed between the claw- shaped 
pole pieces (9b) is in the range of 50% to 80%. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

The present invention relates to a vehicular alterna- 
tor having Lundell type rotor and permanent magnets 
disposed between the adjacent ciaw pole pieces of the 
magnetic poles. 10 

2. Description of the Related Art 

A conventional alternator for a vehicle proposed in 
JP-A No. 61-85045, for instance, has a field rotor having is 
a pair of Lundell type magnetic poles and a field winding 
wound around a magnetic core of the magnetic poles. In 
this alternator, permanent magnets are disposed 
between the circumferentially adjacent claw-shaped 
pole pieces of the Lundell type magnetic poles to 20 
enhance the output by reducing leakage magnetic flux 
across the claw-shaped pole pieces thereby increasing 
magnetic flux effective for power generation. In this prior 
art vehicular alternator, each permanent magnet is dis- 
posed substantially in the entire region between the 25 
side surfaces of the claw-shaped pole pieces substan- 
tially parallel to each other, or the magnetic field 
strength of the permanent magnets is adjusted by prop- 
erly determining the number or arrangement of the per- 
manent magnets so that the output voltage when the 3c 
field current is zero may not exceed a charging voltage 
appropriate for charging a battery. 

, Recently, the normal electrical load of vehicles has 
progressively been increased and the difference 
between normal electrical load and maximum electrical 35 
load is very small in many recent vehicles. Therefore, in 
many cases, the aforesaid adjustment of magnetic field 
strength is unnecessary even if strong magnets are 
employed. Employment of permanent magnets entails 
increase in costs and hence it is desirable that an *c 
increase in costs attributable to the employment of per- 
manent magnets is counterbalanced by an increase in 
output. The prior art employs an excessively large 
amount of permanent magnets or is able to employ an 
amount of permanent magnets less than that is neces- 45 
sary for the aforesaid magnetic field strength adjust- 
ment. 

SUMMARY OF THE INVENTION 

so 

The present invention has been made in view of the 
foregoing problems and, therefore, a main object of the 
present invention is to provide an alternator for a vehicle 
which increases an output per unit weight of permanent 
magnets and attain an excellent economic effect and a 55 
high capability to withstand high-speed operation. 

Such an alternator comprises a rotor having a pair 
of Lundell type magnetic poles each provided with a plu- 
rality of claw-shaped pole pieces and disposed axially 



opposite to each other with the pole pieces meshing 
with each other, and permanent magnets each dis- 
posed between opposed side surfaces of the circumfer- 
entially adjacent claw-shaped pole pieces, and 
magnetized so as to suppress leakage magnetic flux 
across the claw-shaped pole pieces. Each permanent 
magnet is disposed at the longitudinally middle portion 
of the claw-shaped pole piece and the ratio of the length 
of the permanent magnet to that of the claw-shaped 
pole piece is in the range of 50% to 80%. 

Since the cross-section area of the claw-shaped 
pole piece perpendicular to the rotor axis decreases 
toward the extremity of the claw-shaped pole piece, the 
magnetic resistance of the daw-shaped pole piece 
increases toward the extremity of the claw-shaped pole 
piece. Consequently, it is difficult for magnetic flux to 
pass across the side surfaces of the adjacent claw- 
shaped pole pieces in a region where the ratio of the 
length of the permanent magnet to that of the side sm 
face of the claw-shaped pole piece is greater than 80%. 
Since magnetic flux is able to pass easily across the 
side surfaces of the adjacent claw-shaped pole pieces 
in a region where the ratio is below 50%, magnetic flux 
is able to flow into a region where the permanent mag 
net is not present. Accordingly, the leakage of magnetic 
flux can be most effectively suppressed and the mag* 
netic flux that contributes to power generation can be 
increased if the permanent magnet is disposed in the 
region where the density of leakage magnetic flux levels 
out substantially at a maximum, and the permanent 
magnet has a ratio of the length to that of the claw- 
shaped pole piece is in the range of 50% to 80%. 

In the alternator according to the first aspect of the 
present invention, each permanent magnet is disposed 
so that its center of gravity coincides with a position sub- 
stantially corresponding to the middle between the 
opposed side surfaces with respect to a direction along 
the ridge. 

When a centrifugal force acts on the permanent 
magnet as the rotor rotates, load resulting from the cen- 
trifugal force acts on the adjacent claw-shaped pole 
pieces on the opposite sides of the permanent magnet 
with respect to a circumferential direction. Since the 
center of gravity of the permanent magnet is substan- 
tially at the middle between the side surfaces of the 
adjacent claw-shaped pole pieces, the load resulting 
from the centrifugal force is distributed substantially 
evenly to the claw-shaped pole pieces, and the strength 
of the claw-shaped pole pieces against rotation is 
enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and characteristics of the 
present invention as well as the functions of related 
parts of the present invention will become clear from a 
study of the following detailed description, the 
appended claims and the drawings. In the drawings 
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Fig. 1 is a cross-sectional side view illustrating an 
alternator for a vehicle according to the present 
invention; 

Fig. 2A is a development showing the positional 
relation between claw-shaped pole pieces and per- 5 
manent magnets, and Fig. 2B is a cross-sectional 
view of the claw-shaped pole pieces and the per- 
manent magnets; 

Fig. 3 is a schematic plan view of claw-shaped pole 
pieces for explaining leakage flux; w 
Fig, 4 is a graph showing the variation of leakage 
flux density with distance from the middle of the 
side surface of a daw-shaped pole piece; 
Fig. 5 is a graph for explaining the effects of an 
alternator according to the present invention; is 
Fig. 6 is a graph comparatively showing the output 
current of an alternator provided with permanent 
magnets and that of an equivalent alternator not 
provided with the permanent magnets; 
Fig. 7A is a development showing the positional 20 
relationship between claw-shaped pole pieces and 
permanent magnets, and Fig. 7B is a cross-sec- 
tional view of the claw-shaped pole pieces and the 
permanent magnets according to a second embod- 
iment; and 25 
Fig. 8A is a development showing the positional 
relationship between claw-shaped pole pieces and 
permanent magnets, and Fig 8B is a sectional view 
of the claw-shaped pole pieces and the permanent 
magnets according to a third embodiment. so 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Alternator for a vehicles in preferred embodiments 55 
according to the present invention will be described 
hereinafter with reference to the accompanying draw- 
ings. 

(First Embodiment) 40 

The alternator for a vehicle 1 comprises a stator 
serving as an armature, which will be described later, a 
rotor serving as a means for creating magnetic fields, 
which will be described later, and a housing 2 contain- 45 
ing the stator and the rotor. 

The housing 2 comprises a front frame 2A and a 
rear frame 2B, which are made of aluminum by die cast- 
ing and joined together at their end faces in contact with 
each other with a plurality of stud bolts 3 and nuts 4. 50 

The stator has a stator core 5 pressed in the hous- 
ing 2 and fixed in place, and armature windings 6 wound 
on the stator core 5. 

The stator core 5 is formed by superposing a plural- 
ity of annular thin steel sheets and provided in its inner 55 
circumference with a plurality of slots, not shown. 

The armature windings 6 are connected in a Y-con- 
nection or a a connection and inserted in the slots of the 
stator core 5. When the rotor rotates relative to the sta- 



tor, ac voltages are produced in the armature windings 

6. 

The rotor has a shaft 8 to which the rotative force of 
an engine is transmitted through a pulley 7, a pair of 
Lundell magnetic poles 9 fixedly put on the shaft 8 by 
pressure, afield winding 10 wound on the Lundell mag- 
netic poles 9, and a plurality of permanent magnets 1 1 
attached to the Lundell magnetic poles 9. 

The shaft 8 is supported for rotation in bearings 14 
and 15 fixedly fitted in the bosses 12 and 13 of the front 
frame 2A and the rear frame 2B, respectively. The pulley 
7 is mounted on one end of the shaft 8 on the outer side 
of the front frame 2A and is fixedly held on the shaft 8 
with a locknut 16. 

Each of the pair of Lundell magnetic poles 9 has a 
cylindrical boss 9a, and a plurality of claw-shaped pole 
pieces 9b formed on the outer circumference of the 
boss 9a. The bosses 9a of the pair of Lundell magnetic 
poles 9 are pressed in the bore of a bobbin 17 from the 
opposite ends of the field winding 10, respectively, so 
that the claw-shaped pole pieces 9b thereof are 
meshed on the outer circumference of the field winding 
10. 

The field winding 10 is connected by lead wires 10a 
and 10b to two slip rings 18 and 19 attached to the cir- 
cumference of the shaft 8. An exciting current is sup- 
plied from a battery, not shown, through two brushes 20 
and 21 respectively in sliding contact with the outer cir- 
cumferences of the slip rings 1 8 and 1 9 to the field wind- 
ing 10 When the exciting current flows through the field 
winding 10, all the claw-shaped pole pieces 9b of one of 
the pair of Lundell magnetic poles 9 become S poles 
and those of the other Lundell magnetic pole 9 become 
N poles. 

Centrifugal cooling fans 22 are fixed to the axtally 
opposite ends of the pair of Lundell magnetic poles 9, 
respectively, by welding or the like to produce currents 
of cooling air when the Lundell magnetic poles 9 rotate. 

As shown in Figs. 2 A and 2B, the permanent mag- 
nets 1 1 are disposed between the opposed side sur- 
faces 9c of the adjacent claw-shaped pole pieces 9b 
and are heid fixedly in place with an adhesive or the like. 
Each permanent magnet 1 1 is magnetized so that the 
respective polarities of its circumferentially opposite 
ends are the same as those of the claw-shaped pole 
pieces 9b contiguous with the circumferential opposite 
ends, respectively. Each permanent magnet 1 1 is dis- 
posed at a longitudinally middle portion of a parallelopi- 
ped space formed between the adjacent claw-shaped 
pole pieces 9b. The permanent magnet 1 1 has a length 
thereof whose ratio to the length of the side surface 9c 
of the claw-shaped pole piece 9b is in the range of 50% 
to 80%, preferably 65%. The permanent magnet 11 is 
disposed so that its center of gravity is substantially at 
the middle of the parallelepiped space between the 
opposed side surfaces 9c. In other words, the axial mid- 
dle of the permanent magnet 1 1 coincides with the axial 
middle of the parallelopiped space between the circum- 
ferentially adjacent claw-shaped pole pieces 9b as 
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shown in Fig. 2A. 

Electrical devices including the slip rings 18 and 19, 
the brushes 20 and 21, a rectifier 23 for rectifying ac 
currents induced in the armature windings 6, and a volt- 
age regulator, not shown, for maintaining the terminal 
voltage of the alternator for a vehicle within required lim- 
its are attached to the outer surface of the rear frame 2B 
and covered with an end cover 24. 

The operation of the alternator for a vehicle in this 
embodiment will be described hereinafter. 

The rotative power of the engine is transmitted 
through a V belt, not shown, and the pulley 7 to the shaft 
8 to drive the rotor for rotation. An exciting current is 
supplied through the brushes 20 and 21, and the slip 
rings 18 and 19 to the field winding 10 from the battery 
to magnetize the claw-shaped pole pieces 9b so that 
those of one of the Lundell type magnetic poles 9 
become S poles and those of the other Lundell type 
magnetic pole 9 become N poles. Magnetic lines of 
force representing magnetic flux produced by the field 
winding 10 from the claw-shaped pole pieces 9b of one 
of the Lundell type magnetic pole 9 through the station- 
ary core 5 to the claw-shaped pole pieces 9b of the 
other Lundell type magnetic pole 9. If the permanent 
magnet 1 1 is not disposed between the circumferen- 
tially adjacent claw-shaped pole pieces 9b as shown in 
Fig. 3, leakage flux passes across the side surfaces 9c 
of the circumferentially adjacent claw-shaped pole 
pieces 9b. 

As shown in Fig. 4, measured data obtained 
through experiments proved that leakage flux density is 
a maximum at the axial middle of the space between the 
adjacent claw-shaped pole pieces 9b, i.e., the middle 
with respect to the axis of the stationary core 5 and 
decreases sharply toward the opposite ends of the side 
surface when the permanent magnet 1 1 is not disposed 
between the circumferentially adjacent claw-shaped 
pole pieces 9b. 

It is noted from the measured data that the effect of 
the permanent magnet 1 1 in reducing leakage flux to 
enhance output does not correspond with the amount of 
the permanent magnet 1 1 even if the permanent mag- 
net 11 having a length equal to the entire length of the 
side surface 9c of the claw-shaped pole piece 9b is dis- 
posed between the circumferentially adjacent claw- 
shaped pole pieces 9b. 

In this embodiment, the permanent magnet 1 1 is 
disposed in a region where leakage flux density is high 
in the parallelepiped space between the adjacent claw- 
shaped pole pieces 9b to reduce leakage flux more 
effectively. More concretely, the permanent magnet 1 1 
having a length m is disposed at the longitudinally mid- 
dle portion of the parallelepiped space having a length 1 
between the adjacent claw-shaped pole pieces 9b so as 
to divide the space, that is, the side surface 9c of the 
claw-shaped pole piece 9b into two equal sections hav- 
ing the length 1/2 as shown in Fig. 3, and the ratio m/l is 
in the range of 50% to 30% as shown in Fig. 5. 

Fig. 5 shows measured data on the variation of spe- 



cific output increment Al/W, where Al is output current 
increment and W is the weight of the permanent magnet 
1 1 , i.e., output increment Al per unit weight of the per- 
manent magnet 11, with the ratio m/l. As is obvious 

5 from Fig. 5, the specific output increments Al/W for val- 
ues of the ratio m/l in the range of 50% to_80% are 
greater than the specific output increment Al/W for the 
ratio m/t of 1 00%. The specific output current increment 
Al/W reaches a maximum value when the ratio m/l is 

w about 65%, and the maximum value is greater than the 
specific output increment Al/W when the ratio m/l is 
1 00% by about 40%. The output current increment Al is 
an increase in the output current attained by the use of 
the permanent magnets 1 1 as shown in Fig. 6. 

is The most significant cause of the specific output 
current increment Ai/W which levels out substantially at 
a maximum in a range where the ratio m/l is in the range 
of 50% to 80% will be explained hereinafter. 

As the cross-section area of the claw-shaped pole 

20 piece 9b perpendicular to the rotor axis decreases 
toward the extremity, the magnetic resistance of the 
claw-shaped pole piece increases. Consequently, it is 
difficult for magnetic flux to pass across the side sur- 
faces 9c of the circumferentially adjacent claw-shaped 

25 pole pieces 9b in a region where the ratio m/l is greater 
than 80%. Since magnetic flux is able to pass easily 
across the side surfaces 9c of the circumferentially adja- 
cent ciaw-shaped pole pieces 9b in a region where the 
ratio m/l is below 50%, magnetic flux is able to flow into 

so a region not facing the permanent magnet. Accordingly, 
the leakage of magnetic flux can most effectively sup- 
pressed and effective magnetic flux that contributes to 
power generation can be increased when the ratio m/l is 
in the range of 50%> to 80%. When taking the production 

i? tolerance and the aging of the permanent magnet 
(reduction in the magnetic force) into account, it is more 
preferable that the ratio m/l is in the range of 55% to 
75%. 

^0 Effect of the First Embodiment 

The first embodiment increases the specrfic output 
increment, i.e., an output increment per unit weight of 
the permanent magnet 1 1 and hence needs the perma- 
45 nent magnets 1 1 of a relatively small weight smaller 
than that of the permanent magnets of the equivalent 
prior art alternator for a vehicle by 20% to 50%. Conse- 
quently, the alternator for a vehicle in the first embodi- 
ment has an improved capability to withstand high- 
50 speed operation. 

Since the centrifugal force acting on the permanent 
magnets 1 1 having a relatively small weight is relatively 
low, the strength of the Lundell type magnetic poles 9 to 
withstand rotation can be improved. 
55 Furthermore, since the necessary amount of the 
permanent magnet 1 1 is reduced and costs of the per- 
manent magnets 1 1 is reduced, the alternator for a vehi- 
cle 1 provides excellent economic effect. 

The use of common sintered ferrite magnets as the 



permanent magnets 11 is economical. The use- of resin 
magnets having a specific weight smaller than that of 
sintered ferrite magnets as the permanent magnets 1 1 
reduces the centrifugal force that acts on the permanent 
magnets 1 1, which improves the strength of the Lundell 
magnetic poles 9 to withstand rotation. 

Since each permanent magnet 1 1 is disposed with 
its center of gravity located substantially at the middle of 
the parallelopiped space between the opposed side sur- 
faces 9c of the adjacent claw-shaped pole pieces 9b. 
load resulting from the centrifugal force is distributed 
evenly to the circumferentiatly adjacent claw-shaped 
pole pieces 9b, which will improve the strength of the 
Lundell type magnetic poles 9. 

(Second Embodiment) 



ders 9f prevents the permanent magnets 1 1 from being i 
caused to fly away radially from the Lundell magnetic | 
poles 9 by the centrifugal force when the rotor rotates at ' 
a high rotating speed. ' 

5 in the foregoing description of the present inven- 

tion, the invention has been disclosed with reference to 
specific embodiments thereof, ft wilt, however, be evi- 
dent that various modifications and changes may be 
made to the specific embodiments of the present inven- 

w tion without departing from the broader spirit and scope 
of the invention as set forth in the appended claims. 
Accordingly, the description of the present invention in 
this document is to be regarded in an illustrative, rather 
than restrictive, sense. 

15 
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A second embodiment is described with reference 
to Fig. 7A and 7B. Fig. 7A is a development showing the 
positional relationship between claw-shaped pole 
pieces 9b and permanent magnets 11, and Fig. 7B is a 
cross-sectional view of the permanent magnets 1 1 and 
the claw-shaped pole pieces 9b cut along a plane per- 
pendicular to the rotor axis. 

As shown in Fig. 7B, the claw-shaped pole piece 9b 
has opposite inclined side surfaces 9c and a trapezoidal 
cross section tapered toward the radially inner surface, 
and the permanent magnet 1 1 has opposite inclined 
side surfaces 11a and a trapezoidal cross section 
tapered toward the radially outer surface and conform- 
ing to the cross section of a space between the circum- 
ferentially adjacent claw-shaped pole pieces 9b. 

The arrangement. of such permanent magnets 11 
and the such claw-shaped pole pieces 9b holds the per- 
manent magnets 1 1 from being caused to flay away 
radially from the Lundell magnetic poles 9 by the centrif- 
ugal force when the rotor rotates at a high rotating 
speed. 



1 . An alternator for a vehicle comprising: 

20 a rotor (8) having a plurality of pole pieces (9b) 

disposed circumferentially; and 
permanent magnets (11) each disposed 
between a space formed by opposed side sur- 
faces of adjacent two of said pole pieces (9b) 

25 and magnetized so as to suppress leakage 

magnetic flux across the claw-shaped pole 
pieces; 

wherein each of said permanent magnets (11) 
is disposed at a longitudinally middle portion of 
30 said space and has a length so that a ratio 

thereof to the length of said space is in the 
range of 50% to 80%. 

2. An alternator for a vehicle according to claim 1. 
55 wherein each of said permanent magnets (11) is 

disposed in a region where a density of leakage 
magnetic flux levels out substantially at a maxi- 
mum. 



(Third Embodiment) 

A third embodiment is described with reference to 
Figs. 8A and 88. Fig. 8A is a development showing the 
positional relation between claw-shaped pole pieces 9b 
and permanent magnets 1 1 , and Fig. 8B is a sectional 
view of the permanent magnets 1 1 and the claw-shaped 
pole pieces 9b 

As shown in Fig. 8B, the permanent magnets 11 
are enclosed by a resin case 25 formed by molding a 
nonmagnetic resin. The resin case 25 prevents the scat- 
tering of particles that may be produced by the abrasion 
of the permanent magnets 1 1 by the claw-shaped pole 
pieces 9b. The resin case 25 serves as a damping 
means against shocks caused by the vibrations of the 
automobile, which prevents the permanent magnets 11 
from fissuring. 1 

Shoulders 9f that engage with the outer edges of 
the resin case 25 are formed in the opposite side sur- 
faces 9c of the claw-shaped pole paces 9b. The shoul- 



40 3. An alternator for a vehicle according to claim 1, 
wherein each of said permanent magnets (11) is 
disposed so that its center of gravity coincides with 
a position substantially corresponding to the middle 
of said space. 

45 

4. An alternator for a vehicle according to claim 1, 
wherein said rotor (8) comprises a pair of pole 
cores disposed axially opposite to each other and 
each having a half of said pole pieces (9b) extend- 

so ing therefrom to mesh with each other. 

5. An alternator for a vehicle according to claim 4, 
wherein said permanent magnets (11) comprise 
sintered ferrite magnets. 

55 

6. An alternator for a vehicle according to claim 4, 
wherein said permanent magnets (11) comprise 
resin magnets. 
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7. An alternator for a vehicle according to claim 4, 
wherein each of said claw-shaped pole pieces (9b) 
has opposite inclined side surfaces to form said 
space having a trapezoidal cross section tapered in 

a radially outer direction, and each of said perma- 5 
nent magnets (11) has a trapezoidal cross section 
tapered toward a radially outer surface and con- 
forming to said space. 

8. An alternator for a vehicle according to cfaim 4, k 
wherein each of said permanent magnets (11) has 

a length so that the ratio to the length of said space 
is in the range of 55% to 75%. 

9. An alternator for a vehicle according to claim 8, ^ 
wherein each of said permanent magnets (11) is 
disposed so that its center of gravity coincides with 

a position substantially corresponding to the middle 
of said space. 

2C 

10. An alternator for a vehicle according to claim 9, 
wherein said permanent magnets (11) comprise 
sintered ferrite magnets. 

11. An alternator for a vehicle according to claim 10, 2~ 
wherein each of said claw-shaped pole pieces (9b) 
has opposite inclined side surfaces to form said 
space having a trapezoidal cross section tapered in 

a radially outer direction between adjacent two of 
said claw-shaped pole, and each of said permanent 
magnets (11) has a trapezoidal cross section 
tapered toward a radially outer surface and con- 
forming to said space 

12. An alternator for a vehicle according to claim 4. 
wherein each of said permanent magnets (11) has 
a length so that a ratio to the length of said space is 
65%. 

13. An alternator for a vehicle according to claim 12, 
wherein said permanent magnets (11) comprise 
sintered ferrite magnets. 

14. An alternator for a vehicle according to claim 13, 
wherein each of said claw-shaped pole pieces has 45 
opposite inclined side surfaces to form said space 
having a trapezoidal cross section tapered in a radi- 
ally outer direction between adjacent two of said 
claw-shaped pole, and each of said permanent 
magnets has a trapezoidal cross section tapered 
toward a radially outer surface and conforming to 
said space. 
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